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Herein, an aptasensor was designed to detect the receptor-binding domain of severe acute respiratory syndrome
coronavirus-2 (SARS-CoV-2-RBD) based on the encapsulation of the methylene blue (MB) inside the mesoporous
silica film (MPSF), and an aptamer as an electrochemical probe, a porous matrix, and a bio-gatekeeper,
respectively. The signal analysis of the proposed aptasensor indicated that the surface coverage of the encap-
sulated MB inside the MPSF (MB@MPSF) was 1.9 nmol/cm? Aptamers were capped the MB@MPSF, avoiding
the release of MB into the solution via the electrostatic attraction between the positively charged amino groups of
the MPSF and negatively charged phosphate groups of the aptamers. Therefore, the electrochemical signal of the
encapsulated MB in the absence of the SARS-CoV-2-RBD was high. In the presence of SARS-CoV-2-RBD, the
aptamers that had a high affinity to the SARS-CoV-2-RBD molecules were removed from the electrode surface to
interact with SARS-CoV-2-RBD. It gave rise to the release of the MB from the MPSF to the solution and washed
away on the electrode surface. Therefore, the electrochemical signal of the aptasensor decreased. The electro-
chemical signal was recorded with a square wave voltammetry technical in the range of 0.5-250 ng/mL of SARS-
CoV-2-RBD in a saliva sample. The limit of detection was found to be 0.36 ng/mL. Furthermore, the selectivity
factor values of the proposed aptasensor to 32 ng/mL SARS-CoV-2-RBD in the presence of C-reactive protein,
hemagglutinin, and neuraminidase of influenza A virus were 35.9, 11.7, and 17.37, respectively, indicating the
high selectivity of the proposed aptasensor.

1. Introduction (Climent et al., 2009), and aptamers (Zhang et al., 2014) are immobi-
lized outside the pores of mesoporous silica as gatekeepers. However,
the aptamer-gated mesoporous silica nanomaterials are the most

favored ones due to their wide range of sensing applications like arsenite

Mesoporous silica nanomaterials is an inorganic nanomaterial that
has several advantages such as small pore sizes (2-50 nm), high surface

area, easy fabrication, and functionalization (Zhou et al., 2018). These
advantages make the mesoporous silica nanomaterials a good candidate
to be used for several purposes such as drug/gene delivery (Heidari
et al., 2021; Zhou et al., 2018), nanomotor (Ma et al., 2015; Ma &
Sanchez, 2015), energy conversion (Cheng et al., 2009; Zu et al., 2020),
and sensing (Ozalp et al., 2014; Shamsipur et al., 2017). Among them
the sensing application of the mesoporous silica nanomaterials, the
bio-gated mesoporous silica as a smart device has been used for the
sensing of a wide range of biomolecules, opening a new chapter in the
nano biosensing technology field. To fabricate the bio-gated mesoporous
silica, a bio-recognizer such as enzymes (Chen et al., 2012), antibodies
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(Oroval et al., 2017), adenosine triphosphate (Ozalp et al., 2014), DNA
fragments of mycoplasma bacteria (Climent et al., 2013), thrombin
(Oroval et al., 2013) detection. Inside the pores of the bio-gated meso-
porous silica have been filled with probe molecules such as fluorescein
(Qian et al., 2013), rhodamine b (Pascual et al., 2015), 3,3',5,5'-tetra-
methylbenzidine (Wang et al., 2014), tris(2,2'-bipyridyl)ruthenium(II)
(Climent and Rurack, 2021), and methylene blue (MB) (Lee et al., 2020).
In the presence of the relevant target, the gatekeepers of the mesoporous
silica interact with its target, opening the pores (gates) of the bio-gated
mesoporous silica. Consequently, the probe molecules release into the
solution. The amount of the change in the signal of the probe molecule
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depends on the target concentration in the real sample (Climent et al.,
2010; Ren et al., 2014). Since the electrochemical method can detect the
biomarkers at trace levels (Aquino et al., 2022; Brazaca et al., 2022; Carr
et al., 2020; Raymundo-Pereira et al., 2021; Soares et al., 2021), we
decided to take the advantage of the bio-gated mesoporous silica
nanomaterials and electrochemical method to fabricate a biosensor to
detect the receptor-binding domain of severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2-RBD). The SARS-CoV-2 that causes
coronavirus disease-2019 (COVID-19) is a deadly virus. Hence, with a
growing demand for the detection of COVID-19 in their early stages, in
this research work, we have fabricated an electrochemical aptasensor
for point-of-care detection of COVID-19 using the mesoporous silica film
(MPSF). For this purpose, a laser engraved graphene electrode (LEGE)
was first fabricated. The amino-functionalized MPSF was then fabricated
electrochemically using silicon precursor (tetraethoxysilane, (3-amino-
propyl)triethoxysilane, and template molecule (cetyl-
trimethylammonium bromide) on the surface of the LEGE. After that,
the template molecule was removed to encapsulate the MB inside the
MPSF (MB@MPSF). Consequently, the aptamer probes that could
interact selectively with the SARS-CoV-2-RBD were immobilized on the
surface of the mesoporous silica, generating an aptasensor (aptamer
gated-MB@MPSF/LEGE). The aptamer probes that have a negative
charge (due to their phosphate groups) are attracted by the positively
charged MPSF (due to its amine groups), playing as the gatekeepers for
the encapsulated MB (molecule probe) inside the pores. In the absence of
the SARS-CoV-2-RBD, the electrochemical signal of the aptamer
gated-MB@MPSF/LEGE was high because of the high presence of
encapsulated MB inside the nanochannel of MPSF. As the real sample
with a fixed level of the SARS-CoV-2-RBD was added to the surface of the
aptamer gated-MB@MPSF/LEGE, the aptamer probes were removed on
the surface of the MPSF to interact with SARS-CoV-2-RBD molecules and
consequently, the encapsulated MB released to solution and washed
away. Since the amount of the encapsulated MB inside the pores of the
MPSF decreased, the electrochemical signal of the encapsulated MB
decreased, indicating that the proposed detection method is a signal-off
one. The fabricated aptamer gated-MB@MPSF/LEGE showed high
selectivity, sensitivity, and stability.

2. Experimental section
2.1. Reagents and chemicals

Tetraethoxysilane (TEOS), (3-aminopropyl)triethoxysilane (APTS),
cetyltrimethylammonium bromide (CTAB), potassium chloride (KCI),
sodium chloride (NaCl), sodium nitrate (NaNOs), magnesium chloride
(MgCly), potassium ferricyanide (K3[Fe(CN)g]), potassium ferrocyanide
(K4[Fe(CN)gl), MB, potassium dihydrogen phosphate (KH2PO4,), diso-
dium hydrogen phosphate (NagHPO4), hydrochloric acid (HCI), acetic
acid, tris hydrochloride (Tris-HCl), and ethanol were purchased from
Cymit-Quimica (Barcelona, Spain). The aptamer probe (purified by
HPLC) was purchased from Nzytech (Lisbon, Portugal). The aptamer
sequence was: 5'-CAG CAC CGA CCT TGT GCT TTG GGA GTG CTG GTC
CAA GGG CGT TAA TGG ACA-3’ (Song et al., 2020). Hemagglutinin
(HA), neuraminidase (NA), C-reactive protein (CRP), and
SARS-CoV-2-RBD were obtained from Sigma-Aldrich (Louis, MO, USA).
Syringe filters (0.22 pm) were obtained from Millipore-Sigma (Bur-
lington, MA, USA). Kapton tape was obtained from Satkit (Tarragona,
Spain).

The precursor solution for the fabrication of mesoporous silica film
was prepared with TEOS (12.24 mmol), APTS (1.36 mmol) CTAB (4.35
mmol) in the mixture of NaNOs (0.1 M, 20 mL), and ethanol (20 mL).
The mixture was stirred for 150 min at pH 3 before fabricating the
mesoporous silica film electrochemically.

The measuring buffer was a phosphate-buffered saline (PBS, 10 X or
0.1 M). 0.1 M PBS recipe contains 1.37 M NaCl, 27 mM KCl, 100 mM
NapHPOy, and 18 mM KH3POy, pH 7.4. Aptamer solution (100 pM) was
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made with 0.1 M PBS and 0.55 mM MgCl,.
The hybridization buffer was prepared with 20 mM Tris-HCI, 10 mM
KCl, and 37.5 mM MgCl, with a pH fixed at 7.4.

2.2. Apparatus

The cyclic voltammetry (CV) and square wave voltammetry (SWV)
studies were performed using a pStat 300 Bipotentiostat (Metrohm-
DropSens, Spain). Transmission Electron Microscope (TEM) image were
taken with a Philips Tecnai 20 FEG. The Fourier transform attenuated
total reflectance spectrum (FT-ATR) study was performed by using
Nicolet iS50 Fourier transform infrared spectrometer (Thermo Fisher
Scientific, USA). The elemental analysis was performed using an energy
dispersive analysis of X-rays (EDX) (EDAX, Mahwah, NJ, USA) and the
data were analyzed with APEX software. A mini-peristaltic pump was
purchased from Treedix (China). The three-dimensional (3D) image and
surface profile were obtained from a two-dimensional (2D) image by the
imageJ software. The LEGE and the flow cell fabrication process have
been reported in our previous work (Amouzadeh Tabrizi and Acedo,
2022b). The geometric surface area (Agsa) of the working electrode was
0.125 cm? The working, reference and counter electrodes were
delimited from their connectors with a thin layer of transparent insu-
lator ink. The working area that the solution must cover all these elec-
trodes was isolated with a plastic O-ring in a flow cell setup.

The photo image of the LEGE during its fabrication and its SEM
image was shown in Fig. S1.

2.3. Fabrication of the aptasensor

100 pL of acetate buffer (0.1 M, pH 5.4) was first dropped on the
surface of a LEGE and activated by potential sweeping between —1.0 V
and +1.5 V at the scan rate of 0.1 V/s for 30 cycles. After that, the
electrode was washed with distilled water and then put in a PBS and the
potential was cycled between —1.0 V and +1.0 V at the scan rate of 0.1
V/s until a stable background signal of CV was obtained.

The MPSF/LEGE was then fabricated electrochemically by applying
—1.3Vfor 20 s to a LEGE in a precursor solution (Walcarius et al., 2007).
After that, the electrode was washed immediately with running distilled
water for 5 min using a wash bottle. The electrode was then dried
overnight in an oven at 130 °C followed by the surfactant template
removal step by moderate stirring in 0.1 M HCl/ethanol for 10 min.

The MPSF/LEGE was subsequently immersed in a 1 mM of MB so-
lution (pH 7.4) under a moderate stirring condition for overnight at
room temperature. The electrode was rinsed with deionized water to
wash away the residual MB and then dried. 10 pL of 100 pM aptamer
probe was then dropped onto the surface of the electrode and left for
overnight at room temperature. During this period, the negatively
charged phosphate groups of the aptamer probes were attracted to the
positively charged amine groups on the MPSF via electrostatic attrac-
tion. Finally, the electrode was washed with 0.1 M PBS to remove the
unbounded aptamer probe. The final electrode was named the aptamer
gated-MB@MPSF/LEGE. The aptasensor was stored in a refrigerator
(4 °C, in a dry box) when not in use. Fig. S2 shows a photo image of an
aptamer/MB-MPSF/LEGE that was planted in a flow cell.

The schematic illustration of the fabrication process of the aptamer
gated-MB@MPSF/LEGE employed is shown in Fig. 1.

2.4. Measurement process of SARS-CoV-2-RBD

2 mL of real saliva sample was filtered with a syringe filter (0.22 pm)
to remove any microorganisms like bacteria. After that, 500 L of a real
saliva sample was mixed with a 500 pL hybridization buffer containing a
fixed amount of SARS-CoV-2-RBD using a mini rotator for 5 min. The
mixture was then pumped for 30 min to the flow cell where an aptamer
gated-MB@MPSF/LEGE was planted in it. Since the interaction between
the aptamer probe and target molecule (SARS-CoV-2-RBD) was higher
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Fig. 1. The schematic illustration of fabrication steps for the aptamer gated-MB@MPSF/LEGE.

than the electrostatic attraction between the negatively charged phos-
phate groups of the aptamer and the positively charged amino groups of
the mesoporous silica film, the aptamer probes removed from the sur-
face of mesoporous silica (Oroval et al., 2013) and subsequently, the MB
desorbed into the solution and washed away with a measuring buffer
(0.1 M PBS). Therefore, the electrochemical signal of the encapsulated
MB decreased while the concentration of the SARS-CoV-2-RBD
increased (Fig. S3).

3. Results and discussion
3.1. Characterization of the nanostructured surface

Fig. 2 shows 2D (A) and 3D TEM (B) images, and the surface profile
(C) of the MPSF. As it can be seen, the fabricated silica film had a porous
structure. The average diameter of pore size is 2.4 nm + 0.2 (n = 10).

The elemental analysis of an aptamer gated-MB@MPSF/LEGE was
carried on by using EDX (Fig. 3A). As shown in this figure, a small peak
at 0.4 keV related to nitrogen, a big peak at 0.5 keV related to oxygen

element, a small peak at a big peak at 1.7 keV related to silicon element
(the backbone of MPSF), and a small peak at 2.15 keV related to phos-
phorous element (the backbone of aptamer probe) are clearly seen. A
small peak at 0.3 keV related to carbon element of the MPSF and
aptamer can be seen in the spectrum. Also, the peak at 0 keV is the noise
peak caused by the noise of the electronics of the detector.

Fig. 3B shows the FT-ATR spectrum of the aptamer gated-
MB@MPSF/LEGE. As it can be seen, an absorption band at about
3400 cm™! due to the -NHj, stretching, 2930 cm™! and 2900 due to the
—CHy stretching, an absorption band at 2300 cm ™! due to the -N-H
asymmetric stretching, an absorption band at 1580 due to the -N-H
bending, absorption bands at 1150 cm ™! and 926 cm ™! due to the -Si-O-
Si bending, the —Si-OH, respectively (Nechikkattu et al., 2019), an ab-
sorption band at 1538 cm ™! due to the -C=0 stretching, an absorption
band at 1376 cm ™" due to the —C-N stretching of amide III, an absorption
band at 1277 cm ™! due to the -POj3 stretching in the aptamer probe, an
absorption band at 792 cm ™! due to the = C-H bending, an absorption
band at 734 cm ™! due to the -C-S-C bending (in the aromatic structure of
MB) are clearly seen (Nowak et al., 2019).
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Fig. 2. (A) 2D and (B) 3D TEM images of the MPSF. (C) Surface profile
of MPSF.

3.2. Electrochemical characterization of the aptamer gated-MB@MPSF/
LEGE

Fig. S4 shows the CVs of the LEGE (a), and the MPSF/LEGE before (b)
and after (c) the extraction of the template (CTAB) in a 0.1 M PBS
containing 5.0 mM Fe(CN)g_/ 4= couple (1:1). As can be seen in Fig. S4
(a), a couple of well-defined and quasi-reversible redox peaks were
recorded with a LEGE for Fe(CN)g’/ 4= The intensities of the anodic (Tpa)
and cathodic (Ipc) peak currents were 4376 pA, and —362 pA, respec-
tively, indicating that the LEGE could be used for electrochemical
measurement purposes. However, after the electrochemical fabrication
of the MPSF and before the extraction of CTAB, the peak intensities
decreased dramatically (Ip; = +0.023 pA, I, = —0.018 pA) (b). It
demonstrated the MPSF was fabricated on the surface of the LEGE, but
the pores of the film were not opened yet. Therefore, the Fe(CN)Z /4~
could not diffuse inside of the film. After the extraction of the CTAB, the
peak intensities increased (Ip; = +116.4 pA, I,c = —118.9 pA), indi-
cating the pores were opened and the Fe(CN)g /*~ diffused into the film
(0.

The CVs of the MPSF/LEGE (a) and aptamer gated-MB@MPSF/LEGE
(b) in 0.1 M PBS (pH 7.4) are shown in Fig. 4A. As it can be seen, unlike
the MPSF/LEGE, a couple of a pair of well-defined redox peaks of the MB
was observed for the aptamer gated-MB@MPSF/LEGE. It indicated that
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Fig. 3. (A) EDX and (B) FT-ATR spectrum of the aptamer gated-
MB@MPSF/LEGE.

the MB molecules were encapsulated inside the MPSF/LEGE. The intar-
day repeatability of the aptamer gated-MB@MPSF/LEGE was also
studied under a multi-scan potential using the cyclic voltammetry
technique (Fig. 4B). As shown, the CVs of the encapsulated MB in the
aptamer gated-MB@MPSF/LEGE did not change, indicating that the MB
did not release from the electrode to the solution. Fig. 4C shows the CVs
of the aptamer gated-MB@MPSF/LEGE in the different scan rates in 0.1
M PBS (pH 7.4). As shown in Fig. 4D, the oxidation and reduction cur-
rents of MB have a linear relationship with the scan rate (v) in the range
of 0.01-0.15 V/s, revealing a surface-controlled for the encapsulated
MB.

The surface concentration (I'c) of the encapsulated MB was found to
be 1.98 nmol/cm? from the integration of the anodic peak (Fig. S5) by
using the equation (1):

Q =nFAT, eq (1)

(Wang, 2006), where Q is the total faradaic charge of the anodic peak
at the scan rate of 0.05 V/s (0.221 milli coulombs), n is the number of
electrons (n = 2), F is the Faraday constant of 96,485 C/mol, A that is the
electroactive surface area of the MPSF/LEGE was found to be 0.51 cm?
(the calculation process and related figures (Fig. S6) were included in
the supporting data). Since the obtained I, value for aptamer
gated-MB@MPSF/LEGE was larger than the theoretical value for a
monolayer immobilized MB (I'theory = 0.220 nmol/ecm?) (Ju et al.,
1995), therefore it indicated the MB molecules were immobilized in a 3D
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Fig. 5. (A) SWV of the aptamer gated-MB@MPSF/
LEGE in a measuring buffer in the absence (brown
dash curve) and presence of a fixed concentration of
SARS-2-RBD (black dash curve). (B) The correspond-
ing calibration plots of SWV response toward SARS-
CoV-2-RBD (0.5, 1, 2.0, 4.0, 8.0, 16.0, 32.0, 64.0,
130.0, and 250.0 ng/mL). (C) The selectivity of an
aptamer gated-MB@MPSF/LEGE to 32.0 ng/mL
SARS-CoV-2 RBD (blue) in the absence (purple curve)
and the presence of 32.0 ng/mL CRP (black curve),
32.0 ng/mL HA (red curve) and 32.0 ng/mL NA
(green curve). (D) The stability of an aptamer gated-
MB@MPSF/LEGE on the first day (black curve), sev-
enth days (red curve), fourteenth days (yellow curve),
and twenty-first days (blue curve).
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nanostructure.

3.3. Voltammetric detection of SARS-CoV-2-RBD

Fig. 5 shows the SWV measurements (A), and logarithmic corre-
sponding calibration plots (B) of the aptamer gated-MB@MPSF/LEGE to
the different concentrations of SARS-CoV-2-RBD in the measuring
buffer, respectively. As it can be seen, the response of the proposed
aptasensor decreased as the concentration of SARS-CoV-2-RBD
increased from 0.5 ng/mL to 250 ng/mL. Fig. 5B shows the calibration
curve with a linear-logarithmic regression equation of AI (pA) = —2.69
Log Cp sars-cov-2-rBp] (Ng/mL) —1.11 (eq 2). The limit of detection (LOD)
of the proposed biosensor was found to be 0.36 ng/mL (3 6/S), where ¢
is the standard deviation of signal related to the blank solution (signals
in the absence of SARS-CoV-2-RBD) and S is the slope of Fig. 5B. Since
each SARS-CoV-2 has between 25 and 40 RBD (Highfield, 2020).

Therefore, the LOD of the aptamer gated-MB@MPSF/LEGE would be
1.5-2.48 x 108 copies/mL using eq (3):

Molarity of SARS — CoV —2 — RBD
Number of RBD in aSARS — CoV -2
x Avogadro’s number

Copies of virus/L=
eq (3)

3.4. Selectivity and repeatability of the aptamer gated-MB@MPSF/LEGE

The selectivity of the aptamer gated-MB@MPSF/LEGE to 32 ng/mL
of SARS-CoV-2-RBD was also investigated (Fig. 5C). To do that, the
selectivity factor (o) was estimated by eq (4):

o= )RED eq (4)
(A

(Zhang et al.,, 2018), where (Al/Ip)rgp and (Al/Ip);a are the
normalized response of the aptamer gated-MB@MPSF/LEGE to the
SARS-CoV-2-RBD and the interfering agents, respectively. The values of
a for the aptamer gated-MB@MPSF/LEGE to 32 ng/mL of
SARS-CoV-2-RBD in the presence of the same concentrations of CRP, NA,
and HA were 35.9, 17.37, 11.7, and, respectively. Since the values of «
were higher than one, therefore, the proposed aptasensor had a high
selectivity to the SARS-CoV-2-RBD.

Furthermore, the inter-day repeatability (storage stability) of the
aptamer gated-MB@MPSF/LEGE was studied every seven days for 21
days (Fig. 5D). The electrode was kept in a refrigerator (4 °C, in a dry
box) and every seven its signal was recorded with the SWV method at a
0.1 M PBS. As it can be seen, the signal of the proposed aptasensor
retained 95% of its original response after 21 days.
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The reproducibility was also studied with four different aptasensors
(Fig. S7). As shown, no significant changes between the responses of the
aptamer gated-MB@MPSF/LEGE were observed. It indicated that the
aptamers were attracted to the surface of the MPSF strongly and
consequently MB encapsulated inside the pores.

The analytical performances of the aptamer gated-MB@MPSF/LEGE
such as linear response range, the limit of detection, and response time
of it have been compared with the other electrochemical aptasensors for
the SARS-CoV-2-RBD detection (Table 1). As it can be seen, only the
labeled-based aptasensor that has been reported by Merkogi’s group has
slightly better performances (Idili et al., 2021). However, the response
range of their proposed aptasensor is limited. Also, the labeled aptamers
are more expensive than the labeled free ones that we used in this
research work.

The responses of the aptamer gated-MB@MPSF/LEGE to 1 ng/mL
and 130 ng/mL of SARS-CoV-2-RBD were compared with the responses’
of the ELISA kit as a standard method. As shown in Table S1, the P values
were higher than 0.05, indicating that responses of the aptamer gated-
MB@MPSF/LEGE were not statistically significant differences from the
ELISA kit.

4. Conclusions

In summary, an electrochemical biosensor was fabricated for the
SARS-CoV-2-RBD detection in saliva sample by using mesoporous silica
film as a nano-container to load the MB as a probe molecule and an
aptamer probe as a gatekeeper to cap the mesoporous silica film. The
electrostatic attraction between the aminated mesoporous silica film
and aptamer probe encapsulated the MB inside the film. Since the
interaction of the aptamer probe with the SARS-CoV-2-RBD was stronger
than the electrostatic attraction, the MB molecules released from the
film to the solution as SARS-CoV-2-RBD molecules were in the real
sample. The proposed biosensor showed several advantages such as a
wide response range, low detection limit, high selectivity, fast response,
and low cost, making it an alternative method to the ELISA method in
situations where all equipments needed for diagnosis are not available
or financial predicament. The proposed aptasensor provided an oppor-
tunity for the point-of-care diagnosis of COVID-19.
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Table 1
Comparison of the analytical performance of the aptamer gated-MB@MPSF/LEGE with the other electrochemical aptasensors for the SARS-CoV-2-RBD detection.
Aptasensor Electrochemical Linear range Limit of detection Response Ref
Method time
Aptamer-MB/Gold electrode SWv 10 pM —100 nM (0.35-3.5 ng/ 0.01 nM (0.35 ng/ 5 min Idili et al. (2021)
mL) mL)
Aptamer biotinylated/Aupano-MPA/ DPV 10-50 ng/mL 2.63 ng/mL 40 min Sari et al. (2022)
SPE
Aptamer/Yb-TCPP-4/Au NPs/GCE PEC 0.5-8 pg/mL 72 ng/mL 70 min Jiang et al. (2021)
Aptamer/Chitosan/CdS-gC3N4/ITO PEC 0.5-32.0 nM (17.5 ng/mL-1.12 0.12 nM (4.2 ng/ 40 min (Amouzadeh Tabrizi et al., 2021)
electrode pg/mL) mL)
Aptamer/AuNP-CNF/CSPE EIS 0.01-64 nM (0.35 ng/mL —2.24 7 pM (0.24 ng/mL) 40 min (Amouzadeh Tabrizi and Acedo,
pg/mL) 2022a)
Aptamer/Auyapno-S-Si-NPAAO/LEGE SWV 2.5-40.0 ng/mL 0.8 ng/mL 20 min (Amouzadeh Tabrizi and Acedo,
2022b)
MB-aptamer/SWCNT/SPE DPV 20-100 nM 7 nM 120 min Curti et al. (2022)
Aptamer gated-MB@MPSF/LEGE SWvV 0.5-250 ng/mL 0.36 ng/mL 30 min This work

DPV: Differential pulse voltammetry; PEC: Photoelectrochemistry; GCE: Glassy carbon electrode; MPA: 3-Mercaptopropionic; SPE: Screen printed electrode; Au NPs:
Gold nanoparticles; g-C3N4: Graphitic carbon nitride; CdS: Cadmium sulfide quantum dots; ITO: Indium tin oxide; EIS: Electrochemical impedance spectroscopy; Yb-
TCPP-4: Two-dimensional metal-organic framework; Aupane-S-Si-NPAAO: Nanoporous anodic aluminium oxide silanized and decorated with gold nanoparticles;

SWCNT: Single wall carbon nanotube.
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